Objective: To assess implementation of safety strategies to improve management of births complicated by shoulder dystocia in labor and delivery units.
S
houlder dystocia is a rare, unpredictable, and unpreventable obstetric emergency that requires swift response and the use of obstetric maneuvers to achieve birth and minimize maternal and neonatal adverse events (American College of Obstetricians and Gynecologists [ACOG], 2017) . Shoulder dystocia occurs during vaginal birth when, after birth of the fetus's head, one or both shoulders are impacted against the bones of the mother's pelvis; additional obstetric maneuvers beyond gentle traction are needed to free them up (Allen & Gurewitsch, 2016; Hansen & Chauhan, 2014) .
Available Knowledge
In the United States, shoulder dystocia occurs in about 1.4% of all vaginal births (Hansen & Chauhan, 2014) and is one of the leading causes of obstetric malpractice allegations (Deering, Tobler, & Cypher, 2010) . Complications of shoulder dystocia include postpartum hemorrhage and fourth-degree lacerations for women and brachial plexus injuries and fractures of the clavicle and humerus for neonates (ACOG, 2017; Hansen & Chauhan, 2014) . More serious fetal complications include permanent paralysis of the arm or hand, asphyxia, and, in rare cases, death (ACOG, 2017; Fahey & Mighty, 2008) . The primary management goal is timely birth before hypoxic injury to the fetus occurs (Fahey & Mighty, 2008) .
In births complicated by shoulder dystocia, a rapid and well-coordinated intervention by the health care team, some of whom may not have worked together before, is critical for the prevention and reduction of adverse outcomes (ACOG, 2017; Fahey & Mighty, 2008; Grobman, 2014; Grobman et al., 2011) . Several investigators found positive associations between training in management of shoulder dystocia, including use of appropriate obstetric maneuvers, and favorable clinical outcomes (Draycott et al., 2008; Fahey & Mighty, 2008; Grobman et al., 2011; Inglis et al., 2011) . The use of simulation provides an opportunity for clinicians and clinical teams to safely practice skills, procedures, and teamwork (Fahey & Mighty, 2008) . Draycott et al. (2008) found that hospitalmandated training for midwifery and obstetric staff that addressed recognition of risk factors for shoulder dystocia, documentation during episodes of shoulder dystocia, and simulation training was associated with a large and significant post-training increase in the use of recommended obstetric maneuvers and significant declines in neonatal and brachial plexus injuries.
Researchers have studied the effects of training labor and delivery unit staff in the use of standardized protocols focused on obstetric maneuvers alone and on a team-level response to ensure systematic and coordinated management of shoulder dystocia by clinical teams. Inglis et al. (2011) found that comprehensive training that included a standardized protocol in management of shoulder dystocia was associated with a significant decrease in brachial plexus injuries. In another study, Grobman et al. (2011) found a reduction in brachial plexus palsy when simulations and debriefings were combined with a protocol focused on improvements to the team response to shoulder dystocia emergencies. These investigators also reported an increase in consistent and complete documentation of management of births complicated by dystocia. Components of the team-focused protocol used in this study included announcing the shoulder dystocia event, summoning personnel, calling out elapsed time, clarifying roles of different personnel, and using a structured documentation tool.
Although the ultimate goal of training and other interventions is to reduce maternal and neonatal injury, interventions can also improve documentation of births complicated by shoulder dystocia. These interventions include the use of a standardized birth form (Moragianni, Hacker, & Craparo, 2012 ) and a standard electronic checklist that accompanies the birth note (Deering et al., 2010) . The use of such forms and checklists helped improve documentation of births complicated by shoulder dystocia (Grobman et al., 2011) and documentation of adherence to a standardized management checklist (Foley & Driver, 2013) . Evidence also suggests that checklist implementation interventions can increase nurse confidence in handling shoulder dystocia (Foley & Driver, 2013) .
Specific Aim and Rationale
Interventions to improve management of shoulder dystocia can be quite complex to implement given the degree of staff training and engagement required to support adoption and robust implementation. The purpose of the Agency for Healthcare Research and Quality's (AHRQ's) Safety Program for Perinatal Care (SPPC) was to decrease maternal and neonatal adverse events and improve patient safety, team communication, and quality of care within labor and delivery units (AHRQ, 2017e) . The purpose of this article is to describe the implementation experiences and process improvements of labor and delivery units that implemented SPPC shoulder dystocia safety practices.
Methods

Context
Between December 2014 and January 2016, 46 hospital labor and delivery units located in 10 states (Arkansas, California, Colorado, Florida, Illinois, Kentucky, New Jersey, North Carolina, Ohio, and Washington) participated in the SPPC. Eighteen of the 46 units chose to implement perinatal safety strategies to improve management of shoulder dystocia. As shown in Table 1 Pillar 2: Implementing perinatal safety strategies. The second pillar involved applying the CUSP safety science principles of standardizing when possible, creating independent checks, and learning from defects to common obstetric processes and selected obstetric emergencies (AHRQ, 2016) . CUSP is an evidence-based approach to improving patient safety that includes training staff in the science of safety, identifying defects, engaging executive leaders, learning from defects, and implementing teamwork tools (AHRQ, 2012) . Obstetric processes and emergencies (perinatal safety strategies) addressed in Pillar 2 were safe electronic fetal monitoring; safe medication administration (oxytocin and magnesium sulfate); rapid response systems; and general labor and delivery unit safety for cesarean birth, obstetric hemorrhage, shoulder dystocia, and umbilical cord prolapse.
Pillar 3: Establishing a program of in situ simulations. By definition, in situ simulation takes place on an actual labor and delivery unit as opposed to a simulation laboratory. Under SPPC, in situ simulation provided labor and delivery unit staff the opportunity to focus on teamwork and communication skills with less emphasis on procedural or technical clinical skills. The SPPC's Pillar 3 included a training Webinar, a 30-minute training video (Sorensen et al., 2015) on in situ simulation, and nine sample simulation scenarios related to the perinatal safety strategies in Pillar 2 (AHRQ, 2017b).
A national team provided implementation support to labor and delivery units through Webinar trainings before implementation, a customizable toolkit (AHRQ, 2017e), monthly and ad hoc technical assistance calls, a virtual user support network, and unit-specific data feedback reports. Each labor and delivery unit formed a local implementation team to guide implementation activities. Consistent with the safety science principle to standardize when possible, use of the toolkit encouraged labor and delivery units to follow a predetermined approach to manage shoulder dystocia and to standardize communication of information during an episode. To create independent checks, teams were encouraged to use cognitive aids (e.g., checklists, algorithms, or protocols) to guide a systematic approach to managing and documenting shoulder dystocia; the toolkit included a sample process checklist for management of shoulder dystocia. To learn from defects, teams were encouraged to debrief and analyze near misses and adverse events related to shoulder dystocia, have a process in place to review severe maternal or neonatal morbidity and mortality events, and share with staff the outcomes or process improvements from the informal (debriefing) and formal analysis to achieve transparency and organizational learning (AHRQ, 2017a).
To practice and reinforce teamwork and communication during births complicated by shoulder dystocia, labor and delivery units participated in Webinar training that focused on in situ simulation training. In addition, the toolkit included guidance and tools to help labor and delivery units enhance in situ simulation training as well as a sample simulation scenario for shoulder dystocia. The shoulder dystocia simulation scenario was designed to last 15 to 20 minutes and included clinical context and several event sets, each of which included at least one trigger, corresponding clinical information, and a set of distractors. In addition, targeted responses such as expected staff behaviors were provided in the scenario (AHRQ, 2017d).
Study of the Intervention
We used an explanatory sequential mixedmethods design to evaluate the implementation of safety strategies for management of shoulder dystocia.
Measures
Hospital characteristics were based on data from the American Hospital Association annual member survey (American Hospital Association, 2014) and data self-reported by the implementing labor and delivery units through the use of a Webbased form. In addition, we administered a Web-based survey before implementation (baseline) and at 10 months after the start of implementation (follow-up) to collect data from labor and delivery units on their consistent use (4-point scale: not at all, slightly, somewhat, and mostly) of CUSP safety principles (standardize when possible, create independent checks, and learn from defects), teamwork and communication, and in situ simulation to manage shoulder dystocia. Self-reported data from each labor and delivery unit were reported by the local SPPC facilitator or safety data coordinator.
At the end of the 10-month implementation period, experiences in the implementation of shoulder dystocia safety strategies were captured through 1-hour semistructured interviews (phone and in person). Unit staff members who participated in the interviews included local SPPC facilitators (clinical nurse specialist, unit nursing director or nurse manager, or quality improvement professional) who were the primary contacts for SPPC training and implementation and other unit staff members who participated in SPPC implementation (e.g., physician champions, other staff nurses, and safety data coordinators). A two-person team (interviewer and notetaker) conducted each interview. All interviewers participated in a half-day training session that included a review of the interview guide and mock interviews.
Interview guide questions were based on key constructs associated with effective implementation from the Consolidated Framework for Implementation Research (CFIR; Damschroder et al., 2009) ; interview questions were customized to each labor and delivery unit based on perinatal safety strategies selected for implementation. Staff members were asked about the composition of their local implementation teams, the leadership support they received, the improvements made around teamwork and communication, why they chose shoulder dystocia among the perinatal safety strategies, their experiences conducting in situ simulation, and successes and challenges to implementation of shoulder dystocia safety strategies. The interviews were audiorecorded and transcribed.
Analysis
This project was not considered human subjects research by the RTI International institutional review board. With the use of data from the baseline and follow-up Web surveys, we compared the percentage of units reporting lower (i.e., those that responded not at all or slightly consistent) and higher (i.e., those that responded somewhat or mostly consistent) levels of consistent use of safety strategies before and after implementation. Quantitative data were analyzed using Stata version 14 (StataCorp, 2015) .
Transcripts from the key informant interviews were coded and analyzed using NVivo version 10 (QSR International, 2012). We used deductive analysis techniques based on a priori coding of CFIR-related questions and identification of CFIRrelated constructs in other responses. Coded qualitative data were further analyzed using inductive analysis techniques to identify emerging themes and synthesize key interview findings.
Results
Reasons for Implementing Shoulder Dystocia Safety Strategies
The shoulder dystocia perinatal safety strategy was implemented on labor and delivery units for a variety of reasons. Some participants recognized that management of shoulder dystocia was inconsistent on their units. Inconsistent practices were identified among nurses who were new graduates or new to the unit and among physicians. Inconsistent practices among physicians meant that nurses were often confused about how and when to respond depending on whom they were working with. One nurse commented that each physician on the unit handled shoulder dystocia in a different way, which required staff nurses to learn the preferences of each physician. Several cited practice gaps and the need to be better prepared for this high-risk event: "We wanted to create a standard work force, a standard process because we found that everybody handles shoulder dystocia differently."
Approaches to Implementing Shoulder Dystocia Safety Strategies
To implement perinatal safety strategies for shoulder dystocia, units used a combination of formal trainings (in person and online), staff meetings, e-mail reminders, purchases of standard equipment (e.g., clocks and stools) for each room, and newsletters to reinforce policy changes. Some units also examined current management of shoulder dystocia practices and reviewed cases with negative and positive outcomes to assess compliance and variations. At least one unit also reviewed positive outcomes from shoulder dystocia cases and emphasized the need to replicate practices that contributed to the good outcome. One nurse described the unit's improvements in management of shoulder dystocia as follows:
We had a 2 minute and 49 second shoulder dystocia [today] .. We had a baby that had a good outcome and a mom that had a good outcome. I specifically saw all the things that we had worked on. There were [step]stools in the room, we went through all of the maneuvers, and we were calling out the times. We debriefed right afterwards with the physician, while she was still on the unit. Yeah, I could see it [all the things we practiced], for sure.
Safety Science Principles Applied to Shoulder Dystocia
The consistent use of CUSP safety science principles rose markedly during program implementation (see Figure 1) , a finding that aligned with staff interview data. CUSP safety science principles include the use of standardization when possible, creation of independent checks, and learning from defects. Strategies to Improve Management of Shoulder Dystocia consistent by the end of the follow-up period (see Figure 1 ).
Unit staff identified the need to standardize the equipment in each room, specifically stepstools and clocks, because providers needed stools to perform the maneuvers that help resolve shoulder dystocia. Having the same stool in the same location in each patient room enabled the team to recognize what to look for and where to retrieve it. Some units also determined that the clocks in patient rooms were inadequate. For example, some clocks lacked second hands and had small faces or markings that made it hard for staff to see and call out times. To address these two issues, these units purchased the same stools and clocks for all patient rooms.
Another need arose that pertained to the standardization of roles and responsibilities. In some units, a call for help during an emergency led to too many staff coming to the patient's room. To prevent such situations, one unit assigned roles based on the order in which people arrived in the room. For example, the first two people to arrive provided direct care to the patient, the third person served as the timekeeper, and so on.
Units also identified the need to standardize the approach to timekeeping. Previously, time was verbally called out differently among units (for example, clock time [e.g., 10:04] versus elapsed time [e.g., 1 minute, 3 minutes]). Such variation resulted in frequent miscalculations of the time elapsed, and staff had difficulties toggling between the two approaches. As a result, these units changed their approach to always call out the time elapsed.
A commonly reported change pertained to standardizing documentation requirements. Previously, many units had free-text fields to document shoulder dystocia in their electronic health records (EHRs). As a result, documentation was often incomplete, and not all cases of shoulder dystocia were identified during case reviews because of spelling errors or use of nonstandardized nomenclature. A number of units made changes to their EHRs so that documentation for shoulder dystocia was a click-and-pick format that supported consistent capture of critical times and obstetric maneuvers.
Create independent checks. The use of independent checks with cognitive aids such as checklists, algorithms, or protocols can encourage a shared mental model and guide a systematic approach to management of shoulder dystocia and documentation during what is often a chaotic event. Labor and delivery units increased the somewhat or mostly consistent use of independent checks for management of shoulder dystocia from 56% at baseline to 78% at the end of the follow-up period (see Figure 1) .
Several units used cognitive aids such as checklists and protocols, some units modified the extant protocols and checklists, and other units adopted the checklist that was included in the SPPC toolkit. Some units used a paper-based checklist, and others used a checklist embedded in their EHRs. One unit that relied on a paper checklist noted that it was not feasible during the shoulder dystocia to get on the computer and document something. This unit posted the paper checklist in the same location on the wall of every patient room. The checklist included a space to record information for each step, which thereby eliminated the search for something to write on during an emergency. This information was later transferred to the EHR.
Staff of another unit shared that the EHR-based checklist for shoulder dystocia was not used consistently and that sometimes unit staff inadvertently omitted important information. To address this, the unit modified the checklist by integrating automatic pop-up reminders for special procedures and for documentation of steps, such as times when the fetus's head and body were out. Checklists in the EHR also allowed unit staff to generate reports to monitor unit performance in managing births complicated by shoulder dystocia:
We loaded the shoulder dystocia module into our EHR. When you open it there is a drop-down menu that allows you to check however many steps you had to go through before the shoulder dystocia was resolved, and to record the time spent on each maneuver. It prevents the nurses from having to remember to type in all the correct verbiage. It's just there for you.
Learn from defects. The CUSP safety science principle of learning from defects encourages clinicians to learn from situations, events, or incidents that transpire in clinical situations that caused or could have caused patient harm had they not been prevented. It encompasses several strategies, including debriefings and analyses of near misses and adverse events, having a process to review severe maternal or neonatal morbidity and mortality events, and sharing with staff the outcomes or process improvements that result from these reviews to achieve transparency and organizational learning. The percentage of units that reported somewhat or mostly consistent use of learning-from-defects strategies increased from 67% at baseline to 89% at the end of the follow-up period (see Figure 1) .
Most labor and delivery units incorporated debriefings after managing a birth complicated by shoulder dystocia and after in situ simulations. Some units conducted debriefings regularly with a multidisciplinary team that analyzed near misses and adverse events with the use of root cause analysis and other similar tools. Many units found that such debriefings facilitated learning and fostered a more transparent environment. One unit shared that the first few debriefings were difficult and made everyone feel as if they were being blamed. Eventually, however, staff in this unit found a way to conduct debriefings as an opportunity to learn, improve, and establish a blame-free environment. Discussions about defects allowed staff in one unit to identify deficiencies in documenting critical steps in management of shoulder dystocia and the need to improve documentation. To disseminate the information learned from these debriefings to others on the unit, one team included a standing item on the agendas for their monthly team meetings to present and review shoulder dystocia cases as a group.
Establishing In Situ Simulation Training
In situ simulation training allowed unit teams to learn and refine new skills or techniques within their normal working environments. Because shoulder dystocia is a relatively rare and unpredictable event, in situ simulations were an important part of how units prepared to respond. As shown in Figure 1 , 50% of the units used in situ simulation for shoulder dystocia at baseline; this increased to 89% by the end of the follow-up period.
Several units established a requirement for such training annually. Some units used simulation mannequins during in situ simulations, and those that did not have such equipment used roleplaying with existing staff acting as patients. In situ simulation trainings that did not involve simulation mannequins focused on teamwork and communication and steps for maneuvers. Those that had mannequins were also able to practice specific maneuvers. A few participants shared that in situ simulation was the first time that some staff ever encountered this obstetric emergency:
You have some people who have heard and know what to do but have never actually done that.. It was interesting to get to use the sim mom and let them actually feel.. It wasn't a real baby, but you could feel, and you understood seeing it. They actually understood why they were doing it and how it helped.
Participants from another unit noted that practicing the response to shoulder dystocia through in situ simulations resulted in shorter and more successful resolution of this emergency in real time:
If you do it correctly to start with, it a lot of times won't get into the next stages of the more difficult maneuvers. I feel like a lot of our shoulder dystocias, because we know better now how to handle them, are resolved a lot faster. We don't have [to do] a lot of difficult maneuvers.
Unit staff reported that the integration of the teamwork and communication component with in situ simulations helped build trust among labor and delivery unit team members and with other hospital staff: "It's made staff more comfortable and trusting with their peers because now they all knew that they were on the same level.. They all knew what needed to be done." Although most units experienced challenges in getting physicians to participate, they also reported that these trainings and especially the debriefings helped physicians to understand their role in communicating during an event and to ensure that all team members had a shared understanding of the Physicians at another unit used the simulation as an opportunity to educate staff about the pathophysiology of shoulder dystocia so that staff had a better understanding of the rationale behind what they were doing to resolve the shoulder dystocia. One physician champion used in situ simulations as an opportunity to encourage her physician peers to acknowledge their leadership role in the management of shoulder dystocia and to use simulations as a platform for empowering other clinicians to help them in resolving shoulder dystocia cases. She also shared that some of these physicians were reluctant to participate in the trainings in the past and assumed that nurses knew what to do during an emergency and that there was no need for them to provide constant direction and status updates. Because of the perceived benefits of using in situ simulation to improve responses to births complicated by shoulder dystocia, most units planned to continue in situ simulations to sustain and foster improvements in management of shoulder dystocia on an ongoing basis.
Enhancing Teamwork and Communication
Units engaged in staff and provider training to strengthen teamwork and communication. In situ simulations gave clinical teams the opportunity to realize the full potential of this training. Units reporting somewhat or mostly consistent use of TeamSTEPPS techniques in teamwork and communication during the management of shoulder dystocia increased from 67% at baseline to 94% at the end of the follow-up period (see Figure 1 ).
Most units used two TeamSTEPPS communication techniques, callout and check-back, for shoulder dystocia emergencies. Callout is used to communicate critical information. For example, a physician (message sender) calls out to a specific person (message receiver) to request information or that a task be completed. The message receiver checks back to indicate to the sender that the message was accepted; the sender confirms that the message was accurately received, thereby closing the communication loop. Unit staff also used callout and check-back to track the time lapsed from recognition through resolution of the shoulder dystocia and to relay critical information about the health and wellbeing of the mother and her newborn to determine if additional primary or secondary maneuvers were required. Unit teams described these techniques as valuable tools for clear and concise communication during high-risk shoulder dystocia emergency situations. Staff reported that practicing these communication techniques during simulations was important because of the time sensitivity of the dystocia response and the need for consistent order in performing maneuvers.
Discussion
The SPPC offered a comprehensive and customizable group of evidence-based strategies that met the needs and capacities of heterogeneous labor and delivery units to improve the safety of care provided during births complicated by shoulder dystocia. Despite the relatively brief period of observation, the units that participated in SPPC implementation and used SPPC toolkit materials were able to make notable improvements in the application of the CUSP safety science principles to shoulder dystocia care. To our knowledge, this project is the first application of the CUSP approach to the area of perinatal safety. The areas where the most improvements were achieved included the use of in situ simulation, teamwork and communication, and standardization. TeamSTEPPS techniques for teamwork and communication were well received, and unit nurses were able to help physicians understand how such techniques helped keep the whole team informed during simulations and emergencies. Adoption of similar safety strategies combined with a team-based approach to the management of shoulder dystocia and the use of in situ simulations may lead to similar improvements in other labor and delivery units.
Interpretation
Findings from this evaluation suggest that the evidence-based safety strategies for management of shoulder dystocia are feasible to implement in labor and delivery units interested in improvements in perinatal safety. The SPPC evaluation contributes to the evidence supporting the benefits of combining teamwork and communication programs (Grobman et al., 2011; Inglis et al., 2011) with simulation (Draycott et al., 2008; Fahey & Mighty, 2008; Grobman et al., 2011) to improve and strengthen management of shoulder dystocia. The labor and delivery units that participated in the SPPC achieved the most gains in their use of in situ simulation, and unit staff acknowledged its importance to prepare them for the rare and unpredictable occurrence of shoulder dystocia. Hospitals that seek to enhance management of shoulder dystocia should consider investing first in teamwork and communication training (e.g., TeamSTEPPS) to establish a shared culture and strategies for teamwork and communication that can then be refined and reinforced with in situ simulations.
The replicability, scalability, and customizability of the SPPC model are appealing features for labor and delivery units in community and academic settings. Each unit had the flexibility to determine the scope and intensity of safety improvement efforts within a framework of mutually reinforcing activities. Sites that adopted some but not all strategies reported an increase in their capacity to handle shoulder dystocia cases. Moreover, implementation of strategies to standardize where possible resulted, in many cases, in changes in policies and procedures that will endure beyond the project. Although adoption of all SPPC shoulder dystocia safety strategies would likely produce the best outcomes, the evaluation showed that even small or incremental changes in practice made a difference. Understanding why some units adopted some SPPC strategies and not others is an area for future research.
Limitations
Our evaluation had several limitations. The flexible design of the SPPC allowed labor and delivery units to customize the tools and implementation approach. This flexibility allowed wide discretion in the level of intensity or penetration and duration of strategies to improve management of shoulder dystocia. Although such flexibility facilitated the adoption of strategies and principles more effectively than a rigidly prescribed program, interpretation of results is challenging because the change in process measures before and after implementation reflects the mean change across a very heterogeneous set of strategies. Furthermore, this evaluation had no comparison group, so we are unable to rule out the influence of secular trends, concurrent programs or initiatives, or other interventions on findings. Additionally, the period of observation after completion of start-up activities was limited to 10 months, and the first several of these months involved start-up activities, with little change to extant processes or policies. A longer observation time frame would allow a more thorough assessment of changes in unit processes and safety culture as well as effects on maternal and neonatal health outcomes. With our survey evaluation, we assessed the integration of safety science principles, but we did not assess the use of each SPPC tool because of concerns about high data collection and reporting burdens to the sites.
Conclusions
Although a rare occurrence, the consequences of a poorly managed shoulder dystocia can be severe. To date, few national initiatives have focused on management of shoulder dystocia as an area for perinatal safety improvement; thus, the potential for spread is likely greatest if it is part of a comprehensive perinatal safety initiative. Because a shoulder dystocia is unpredictable and requires a swift and coordinated response, the integration of teamwork and communication with in situ simulations is a promising approach to address the problem. Addressing specific perinatal safety issues in this broader context may offer organizations a sustainable platform to address existing and emerging areas of perinatal safety.
